The spectroscopic properties of the odd-odd isotopes 124−132 Cs have been studied within the interacting boson-fermion-fermion model based on the Gogny-D1M energy density functional framework. Major ingredients to build the interacting boson-fermion-fermion Hamiltonian, such as the (β, γ)-deformation energy surfaces for the even-even core nuclei 124−132 Xe as well as single-particle energies and occupation probabilities of the odd nucleons, have been computed microscopically with the constrained Hartree-Fock-Bogoliubov method. A few coupling constants of the boson-fermion and residual neutron-proton interactions are fitted to reproduce with a reasonable accuracy the experimental excitation energy of the low-lying levels of the odd-mass and odd-odd nuclei. The method is applied to describe the low-energy low-spin spectra of the odd-odd Cs nuclei and the band structures of higher-spin higher-energy states, mainly based on the νh 11/2 ⊗ (πh 11/2 ) −1 configuration. The nucleus 128 Cs, has been identified as the best candidate for exhibiting chiral doublet bands.
I. INTRODUCTION
A better understanding of the spectroscopic properties of atomic nuclei with an odd number of nucleons still remains a major challenge for both experimental and theoretical low-energy nuclear physics. The existence of an unpaired nucleon in the nucleus implies the observation of many new effects in nuclear dynamics like the weakening of pairing correlations, the increase of level densities around the Fermi level, polarization of collective degrees of freedom, breaking of time reversal symmetry in the intrinsic wave function, and a long list of etc. As a consequence, the microscopic description of an odd-A system is far more challenging than in the traditional even-even case [1] [2] [3] . This is manifest in the much slower progress in the implementation of symmetry restoration in odd-A nuclei [4, 5] . In addition, the quantitative side is strongly affected by tiny details of the nuclear interaction, making this kind of systems the perfect test ground to analyze the suitability of new or existing proposals for effective nuclear interactions/functionals, see [6] for a recent analysis focusing on superheavy nuclei. Detailed spectroscopic studies of odd-mass and/or odd-odd nuclei, have already been carried out using microscopic approaches such as the large-scale shell model [7] and the symmetryprojected generator coordinate method (GCM) [4, 5] . See [1] for a general introduction to the latter method. From a computational point of view, systematic applications of these approaches are very demanding, if not impossible, for heavy nuclei, especially when a large number of valence nucleons are involved and/or multiple shape degrees of freedom have to be taken into account in the generator coordinate method (GCM) ansatz.
To overcome these difficulties we proposed in Ref. [8] (in a study of odd-A Au and Pt and odd-odd Au isotopes) to perform constrained Hartree-Fock-Bogoliubov (HFB) calculations based on the Gogny [9] energy density functional (EDF) with the parametrization D1M [10] , to obtain energy surfaces as functions of the (β, γ) quadrupole deformation parameters for the neighboring even-even Pt nuclei. The single-particle energies and occupation numbers were computed for the odd neutron and odd proton in the odd-mass Au and Pt as well as odd-odd Au isotopes. Those quantities were then used, as a microscopic input, to completely determine the interacting boson model (IBM) [11] Hamiltonian for the even-even nucleus and most of the parameters of the different bosonfermion coupling terms present in the interacting bosonfermion model (IBFM) [12] [13] [14] and the interacting bosonfermion-fermion model (IBFFM) [14, 15] Hamiltonians for the odd-A and odd-odd systems, respectively. Only a few coupling constants of the boson-fermion and the residual neutron-proton interaction terms were treated as free parameters. These parameters were determined so as to reproduce reasonably well the experimental lowlying energy levels of the odd-mass and odd-odd nuclei. Though the method involves a few phenomenological parameters, it allows to study simultaneously the spectroscopy of even-even, odd-mass, and odd-odd nuclei within a unified framework. The method reduces significantly the computational cost associated with those calculations and provides the possibility of studying heavy odd and odd-odd nuclei irrespective of their location at the chart of nuclides.
In this work, we consider the spectroscopic properties of the odd-odd nuclei 124−132 Cs, using the theoretical framework developed in Ref. [8] . The reason for the choice of nuclei is that the A ≈130 mass region exhibits a wide variety of structural phenomena. A variety of theoretical models suggested the existence of triaxially-deformed and/or γ-soft shapes for even-even systems in this mass region [16] [17] [18] [19] [20] [21] [22] [23] . A gradual transition, from γ-soft to nearly spherical shapes, has also been identified [24] while several nuclei, such as 134 Ba [25] and 128 Xe [26] , are suggested to display features of the E(5) criticalpoint symmetry [27] of the phase transition. In some odd-odd Cs isotopes, most notably in 128 Cs, chiral doublet bands [28] have been observed [29] [30] [31] [32] . Those bands are associated with nearly degenerate energy levels with equal spins and characteristic electromagnetic properties. Furthermore, this mass region represents a challenging testing ground to examine the predictive power of nuclear models for fundamental processes, such as β-decay and double-β decay [33] [34] [35] [36] . Previous phenomenological IBFM and IBFFM spectroscopic studies [37] were also carried out for nuclei in the same mass region considered in this work.
The paper is organized as follows. In Sec. II, we outline the theoretical framework used in this study. We begin Sec. III, with a brief discussion of the results obtained for the even-even core nucleus 124 Xe as well as the odd-N and odd-Z nuclei 123 Xe and 125 Cs. In the same section, we discuss the low-energy spectra obtained for the oddodd systems 124−132 Cs. Moreover, we pay attention to the band structures of higher-spin states to identify features of chirality in some of the considered odd-odd Cs isotopes. Finally, Sec. IV is devoted to the concluding remarks.
II. THEORETICAL FRAMEWORK

A. IBFFM-2 Hamiltonian
Within the employed theoretical scheme, the low-lying structure of the even-even-core nucleus is described in terms of the IBM [11] , where correlated pairs of valence nucleons are represented by bosonic degrees of freedom [38] . In the IBFM, one unpaired nucleon is explicitly included as an additional degree of freedom to the boson space [12] [13] [14] to handle odd-mass systems. The IBFFM represents a further extension of the IBFM to odd-odd systems that includes, one unpaired neutron and one unpaired proton [14, 15] . As in our previous study for oddodd Au isotopes [8] , we have used a version of the IBFFM that distinguishes between neutron and proton degrees of freedom (denoted hereafter as IBFFM-2). The IBFFM-2 Hamiltonian readŝ
where the first term represents the neutron-proton IBM (IBM-2) Hamiltonian [38] that describes the even-even core nuclei ( 124,126,128,130,132 Xe). The second (third) term is the Hamiltonian for an odd neutron (proton). The fourth (fifth) term corresponds to the interaction Hamiltonian describing the coupling of the odd neutron (proton) to the IBM-2 core. The last term in Eq. (1) is the residual interaction between the odd neutron and the odd proton.
For the boson-core HamiltonianĤ B in Eq. (1) the standard IBM-2 Hamiltonian has been adopted:
is the quadrupole operator. The parameters of the Hamiltonian are , κ, χ ν , and χ π . The doubly-magic nucleus 100 Sn is taken as the inert core for the boson space. We have followed the standard way of counting the number of bosons, i.e., the numbers of neutron N ν and proton N π bosons equal the numbers of neutron-hole and protonparticle pairs, respectively. As a consequence, N π = 2 and N ν = 6, 5, 4, 3 and 2 for 124,126,128,130,132 Xe, respectively.
In Eq. (1), the Hamiltonian for the odd nucleon, i.e., H ρ F takes the form
where jν ( jπ ) and j ν (j π ) stand for the single-particle energy and the angular momentum of the unpaired neutron (proton). On the other hand, a
jρ (a jρ ) represents the fermion creation (annihilation) operator whileã jρ is defined asã jm = (−1) j−m a j−m . For the fermion valence space, we have taken into account the full neutron and proton major shell N, Z = 50−82, that include the 3s 1/2 , 2d 3/2 , 2d 5/2 , 1g 7/2 , and 1h 11/2 orbitals.
For the boson-fermion interaction term,Ĥ ρ BF in Eq. (1), we employ the form that has been formulated within a simple generalized seniority scheme [13, 14] :
where ρ = ρ, and the first, second, and third terms are the quadrupole dynamical, exchange, and monopole terms, respectively. The strength parameters of the interaction Hamiltonian are denoted by Γ ρ , Λ ρ , and A ρ . As in previous studies [13, 39] , we have assumed that both the dynamical and exchange terms are dominated by the interaction between unlike particles, i.e., between the odd neutron and proton bosons and between the odd proton and neutron bosons. We also assume that for the monopole term the interaction between like-particles, i.e., between the odd neutron and neutron bosons and between the odd proton and proton bosons, plays a dominant role. In Eq. (4),Q ρ is the bosonic quadrupole operator identical to the one in the IBM-2 Hamiltonian in Eq. (2) with the same value of the parameter χ ρ . The fermionic quadrupole operatorq ρ readŝ
where
2 j ρ represents the matrix element of the fermionic quadrupole operator in the considered singleparticle basis. The exchange termV ρ ρ in Eq. (4) readŝ
with
In the second line of the above equation the standard notation : (· · · ) : indicates normal ordering. For the monopole term, the number operator for the odd fermion is expressed asn ρ = jρ (− 2j ρ + 1)(a † jρ ×ã jρ ) (0) . Finally, we adopted the following form of the residual neutron-proton interactionV reŝ
where the first and second terms denote the delta and tensor interactions, respectively. We have found that these two terms are enough to provide a reasonable description of the low-lying states in the considered oddodd nuclei. Note that by definition r νπ = r ν − r π and that u D and u T are the parameters of this term. Furthermore, the matrix element V res of the residual interaction V res can be expressed as [40] :
represents the matrix element between the neutronproton pairs and J stands for the total angular momentum of the neutron-proton pair. The bracket in Eq. (8) represents the corresponding Racah coefficient. The terms resulting from contractions are neglected in Eq. (8), as in Ref. [41] .
B. Procedure to build the IBFFM-2 Hamiltonian
The basic ingredients of the IBFFM-2 HamiltonianĤ in Eq. (1) are determined as follows [8] :
1. Once the form of the IBM-2 Hamiltonian is fixed, the parameters , κ, χ ν , and χ π are uniquely determined [42, 43] by mapping the (β, γ)-deformation energy surface obtained from the constrained Gogny-D1M [10] HFB calculation onto the expectation value of the IBM-2 Hamiltonian in the boson coherent state [44] .
The single-neutron HamiltonianĤ
ν F and the bosonfermion HamiltonianĤ ν BF for odd-N Xe isotopes are built by using the procedure of [45] (see also [46] for further details ). In those references, the single-particle energies and occupation probabilities of the odd nucleon, entering bothĤ ν F andĤ ν BF , are obtained from Gogny-D1M HFB calculations at zero deformation. The optimal values of the bosonfermion interaction strengths Γ ν , Λ ν , and A ν in Eq. (4), are chosen, separately for positive and negative parity, so as to reproduce with a reasonable accuracy the experimental low-energy levels of each odd-N Xe nucleus. A similar procedure has been employed to determine the parameters Γ π , Λ π , and A π for the odd-Z Cs isotopes.
3. We use for the IBFFM-2 Hamiltonian in the oddodd Cs the same strength parameters Γ ν , Λ ν , and A ν (Γ π , Λ π , and A π ) obtained for the odd-N Xe (odd-Z Cs) nuclei in the previous step. The singleparticle energies and occupation probabilities are, however, computed independently for each of the studied odd-odd systems.
4. Finally, the parameters u D and u T , in the residual interactionV res , are determined so as to reproduce with reasonable accuracy the low-lying spectra in the odd-odd nuclei under consideration. For simplicity, we have taken the fixed values u D = 0.7 MeV and u T = 0.02 MeV for all the considered nuclei and for both parities.
The values of the IBM-2 parameters adopted for the even-even Xe isotopes are shown in Table I . In particular, the sum χ ν + χ π is somewhat close to zero in many of the considered Xe isotopes. This indicates that these nuclei are close to the O(6) limit of the IBM, which is associated with γ-soft deformation.
The fitted strength parameters of the boson-fermion interactions,Ĥ ρ BF , are shown in Table II . The values of some of these strength parameters, i.e., Γ ρ and Λ ρ , for a given configuration (sdg or h 11/2 ) gradually change with neutron number. For the positive-parity states in 128,130,132 Cs, the values of Γ π for the proton h 11/2 configuration ( which are fitted to the odd-mass nuclei 129,131,133 Cs, respectively) have been modified so that the higher-spin positive-parity states, which are mainly composed of the νh 11/2 ⊗ (πh 11/2 ) −1 configuration, become lower in energy. We consider a value of ≈ 0.5 MeV for the excitation energy E x . The modified Γ π values, given in parentheses in Table II , are also different from those employed for the negative-parity states.
Finally, the single-particle energies and occupation probabilities for the odd-odd Cs isotopes, obtained using the Gogny-D1M SCMF HFB approach, are given in Table III . They are quite similar to the ones obtained in the case of the odd-N Xe and odd-Z Cs nuclei. Once the value of all the parameters has been obtained, the IBFFM-2 Hamiltonian is diagonalized in the |L ν L π (L); j ν j π (J) : I basis characterized by the angular momentum of the neutron (proton) bosons L ν (L π ), the total angular momentum for the even-even boson core L and the total angular momentum of the coupled system I.
C. Transition operators
Using the wave functions obtained after the diagonalization of the IBFFM-2 Hamiltonian, the electric quadrupole (E2) and magnetic dipole (M1) properties can be computed. The correspondingT (E2) andT
operators are given by [8] 
and
In Eq. (10) 
III. RESULTS AND DISCUSSION
In this section, we will briefly discuss some selected results obtained for even-even Xe and odd-mass Cs nuclei. The nuclei 124 Xe (Sec. III A), 123 Xe and 125 Cs (Sec. III B) will be taken as representative examples. As we are mainly interested in the structure of odd-odd nuclei, most of our discussions will be devoted to the spectroscopic results obtained for such odd-odd systems (Sec. III C).
A. Even-even nuclei In Ref. [49] , we have considered transitions from γ-soft to nearly spherical shapes in the even-even isotopes 126−136 Xe as well as in the case of odd-mass Xe and Cs nuclei. The same Gogny-D1M energy surfaces for 126−132 Xe used in that work have been used to fix, this time, the parameters of the IBM-2 Hamiltonian for these nuclei. Only the energy surface of 124 Xe has been added to the results obtained in previous calculations. A major difference with respect to Ref. [49] is that now we use the IBFM-2 instead of the IBFM-1 model, which does not distinguish between neutron and proton bosons. Another minor difference with respect to Ref. [49] is that now the even-even A+1 Xe N +1 nucleus is taken as a reference to obtain the results for the odd-N isotope A Xe N .
The Gogny-D1M and the (mapped) IBM-2 energy surfaces obtained for 124 Xe are depicted in Fig. 1 . The HFB energy surface exhibits a shallow triaxial minimum with γ ≈ 30
• . Such a triaxial minimum can only be obtained in the IBM-2 after including higher-order (e.g., threebody) terms. We are, however, neglecting such higherorder terms in this study because of the lack of IBFFM and IBFM computer codes able to handle them. As seen in Fig. 1 , the IBM-2 surface is much flatter than the HFB far away from the global mean-field minimum. This is a consequence of the reduced IBM model space and it has already been found and discussed in great details in our previous studies [42, 43] . These are not serious limitations as the most relevant configurations for the study of low-lying collective states are those around the global minimum and we have paid special attention to reproduce them.
The energy spectrum provided by the IBM-2 Hamiltonian for 124 Xe is compared in Fig. 2 with the experimental data [48] . As can be seen, our calculations reproduce well the experimental spectrum without any phenomenological adjustment. Both the theoretical and experimental spectra exhibit features resembling those of the O(6) dynamical symmetry, i.e., R 4/2 = E(4 
B. Odd-mass nuclei
Let us turn our attention to the nuclei 123 Xe and 125 Cs. The low-lying positive-and negative-parity states obtained for those nuclei are shown in Fig. 3 . They are compared with the available experimental data [48] . Our results suggest that the low-lying positive-parity states in 123 Xe are mainly built via the coupling of the odd neutron hole in the 3s 1/2 and 2d 3/2 single-particle orbitals to the even-even boson core ( 124 Xe). On the other hand, the negative-parity states are accounted for by the unique-parity 1h 11/2 single-particle configuration. As seen in Fig. 3 our results agree well with the experiment for both parities. In the case of 125 Cs, the low-lying positive-parity states are mainly based on the 1g 7/2 and 2d 5/2 single-particle configurations. In the lower panels of Fig. 3 a reasonable agreement between the predicted IBFM-2 and the experimental spectra is observed. 
C. Odd-odd Cs isotopes
Energy spectra for the low-spin low-energy states
Let us now discuss the results obtained for odd-odd Cs nuclei. We will consider low-spin low-energy states up to an excitation energy E x ≈ 1 MeV. Our calculation indicates that those states are mainly based on normalparity (i.e., sdg) orbitals.
The spectra obtained for 124,126,128,130,132 Cs are depicted in Figs. 4-8 , respectively. In the case of 124 Cs (see, Fig. 4) , the predicted positive-and negative-parity states agree well with the experimental ones. The IBFFM-2 wave function of the 1 + 1 ground state is composed of the mixture of several single-particle configurations among which, the largest (about 50 %) contribution comes from the odd neutron hole in the 3s 1/2 orbital. As for the negative-parity states, the predicted IBFFM-2 wave functions for the lowest 4 In those states, the neutron νh 11/2 coupled to the proton in either 3s 1/2 , 2d 3/2 , 2d 5/2 , or 1g 7/2 positive-parity orbital plays a dominant role.
In the case of 126 Cs (see, Fig. 5 ), the agreement with the experiment is as good as for 124 Cs. The structure of the wave functions corresponding to the lowest positive-parity states is similar to the one obtained for 124 Cs (i.e., they are mainly accounted for by the νs 1/2 ⊗ (πsdg) −1 configuration). In our calculation the 
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π=-1 Fig. 4 of 128 Cs, the low-spin levels are in reasonable agreement with the experimental ones. However, our calculations suggest several states near the ground state, that have not been observed experimentally (i.e., a 4 − and two 5 − states, and the second 6 − state).
The positive-parity low-spin spectrum obtained for 130 Cs is shown in Fig. 7 . Once more, our calculations predict the correct ground-state spin I = 1 + . However, the two experimental 2 + states around 100 keV excitation energy are overestimated by a factor of three. This is not surprising as the excitation energy of levels is often overestimated within the IBM framework, for those nuclei near a shell closure and the reason is the decreasing number of active bosons. This also seems to be the case for both 130 Cs and 132 Cs. In addition, the structure of the IBFFM-2 wave function corresponding to the 1
state turns out to be slightly different than the ground states of the lighter odd-odd systems 124−128 Cs. The contribution of the νd 3/2 single-particle configuration becomes larger in 130, 132 Cs than in 124−128 Cs. The HFB deformation energy surfaces obtained for even-even Xe isotopes [49] exhibit a structural change from 128 Xe (γ-soft shape with a shallow triaxial minimum) to 130 Xe (nearly spherical shape with a shallow prolate minimum). Such Expt.
π=-1 a structural change in the even-even systems seems to be more or less translated into the structure of the IBFFM-2 wave functions of the odd-odd systems. As can be seen from Fig. 7 , the disagreement with the experimental data is more pronounced for negative-parity states. The energies of the 2 − 1 and 5 − 1 levels, which are suggested to be the lowest negative-parity states experimentally, are however too high in our calculations.
Finally, the positive-and negative-parity low-spin lowenergy spectra obtained for 132 Cs are depicted in Fig. 8 . Here, the comparison with the experiment is worse, but one should keep in mind that this nucleus is the closest to the N = 82 shell closure. As a result, the number of neutron N ν = 2 and proton N π = 2 bosons is probably not enough for a detailed description of the level structure in the framework of the IBM. Other possible reasons are first that the single-particle energies and occupation probabilities for odd nucleons, obtained from the Gogny-D1M calculation, may not be realistic enough in this case. Finally, the fixed values of the strengths and/or the forms of the residual neutron-proton interactions employed in the IBFFM-2 Hamiltonian are too restrictive.
E2 and M1 moments of lowest-lying states
As for the electromagnetic properties of the lowestlying states in odd-odd Cs isotopes, experimental data are only available for the quadrupole Q(I) and magnetic dipole µ(I) moments. The theoretical and the available experimental Q(I) and µ(I) values are compared in Table IV. For the positive-parity states, the predicted Q(I) and µ(I) moments agree well with the experimental ones, in both magnitude and sign. However, some of the mo- (7) ments obtained for the negative-parity states are opposite in sign to their experimental counterparts.
Band structure of higher-spin states
We have further studied the detailed band structure of the higher-lying higher-spin states in the considered odd-odd Cs isotopes. We have paid special attention to the possible doublet structure expected as a result of the coupling between a neutron hole and a proton in the unique-parity 1h 11/2 orbital. In this section, we will consider the nuclei 124,126,128 Cs for which a reasonable description of the low-spin states (see, Figs. 4-6) have been obtained. Our calculations suggest that the higher- Fig. 9 ) the experimental band structure is well reproduced. However, for 126 Cs (see, Fig. 10 ) the experimental bands are overestimated by a factor of around two. Because of the limited size of the boson space as the N = 82 shell closure is approached the theoretical bands look more stretched than the experimentally identified ones as the spin increases. Nevertheless, for 126 Cs the overall structure of the theoretical spectrum agrees reasonably well with the experimental one, including the doublet-like structure, i.e., close-lying states with the same spin I.
The absolute energies of the observed bands have not been established experimentally for 128 Cs . Therefore, in Fig. 11 both the experimental and calculated energy levels for 128 Cs are plotted with respect to the experimental 10 Theo. To identify possible signatures of chirality we have considered, in addition to energy levels, the systematic of the E2 and M1 transitions with increasing spin. Our analysis of the B(E2) and B(M 1) patterns suggests that 128 Cs can be considered the best candidate to display chirality. The observed B(E2; I → I − 2) and B(M 1; I → I − 1) intra-band and inter-band transitions in the yrast and second-lowest bands of this nucleus show a definite staggering pattern as a function of the angular momentum [30] . Such a selection rule has been derived from symmetry considerations applied to a simple particle-rotor model [29] . Nevertheless, they can still be used to benchmark our calculations.
The predicted B(E2; I → I − 2) rates (see, panel (a) of Fig. 12 ) do not show any such staggering as the one that appears in the simplified model [29] . For the yrast band they stay rather constant while for the side band the B(E2; 16
2 ) transition rate is particularly too small. However, the B(M 1; I → I − 1) rates for both the intra- (Fig. 12(b) ) and inter-band (Fig. 12(c) ) transitions do exhibit a certain staggering pattern, similar to the one in the observed B(M 1; I → I − 1) rates [30] .
Finally, in order to examine whether the predicted yrast and side bands can be considered partners of the chiral doublet, we show in Fig. 13 the quadrupole moment Q(I) (in eb units) and the g-factor for the corresponding states in 128 Cs. The Q(I) values are negative and decrease in magnitude with increasing spin. In addition, we have obtained similar Q(I) values and I-dependence, for both bands. The g-factor values, depicted in panel (b) of the same figure, are quite similar (around 0.5) for both bands. Note, that the g-factor obtained for the I = 9
+ state agrees well with the experimental value (+0.59 ± 0.01) [32] .
IV. SUMMARY AND CONCLUDING REMARKS
The spectroscopic properties of the odd-odd nuclei 124−132 Cs have been analyzed using the interacting boson-fermion-fermion (IBFFM-2) framework with microscopic input from mean field calculations with the Gogny-D1M energy density functional. The (β, γ)-deformation energy surface for even-even boson-core Xe isotopes as well as single-particle energies and occupation probabilities of unpaired nucleons in odd-N Xe, odd-Z Cs and odd-odd Cs nuclei obtained from the mean field calculation are used to build, via a mapping procedure, the corresponding IBFFM-2 Hamiltonian. In its current implementation, the method still requires a few coupling constants of the boson-fermion and residual neutron-proton interactions to be fitted to the experiment. The diagonalization of the corresponding IBFFM-2 Hamiltonian provides wave functions, energy levels as well as other spectroscopic properties such as E2 and M1 transition rates.
It has been shown, that the (mapped) IBFFM-2 model describes reasonably well both the positive-and negativeparity low-lying low-spin states of the considered odd-odd Cs nuclei, especially in the case of 124, 126, 128 Cs. This is a remarkable result, considering the significant reduction of parameters with respect to previous IBFFM calculations. However, in some of the odd-odd nuclei (e.g., in 132 Cs) the ordering of both the positive-and negativeparity levels close to the ground state could not be correctly reproduced by our calculations. Some possible explanations for this failure are the limited number of active bosons in the even-even core near the shell closure; the possibility that the adopted single-particle energies and occupation numbers provided by the Gogny-D1M HFB approach may not be realistic enough; finally the use of fixed strengths for the whole isotopic chain for the residual neutron-proton interaction in the IBFFM-2 Hamiltonian.
We have also studied the band structure of the higherspin positive-parity states in 124,126,128 Cs. Our calculations provide a reasonable quantitative description of the excitation energies of these bands up to I ≈ 20 + except for the excitation energy of the band-heads of 126 Cs which are overestimated. Among the considered nuclei, we have identified 128 Cs as the best candidate for the existence of chiral doublet bands. In particular, the calculated B(M 1; I → I − 1) transition rates exhibit staggering patterns with increasing angular momentum. This result agrees well with the selection rule derived by simple symmetry considerations [29] . All in all, the results of this study suggest that the employed theoretical methods can be potentially used to describe even such a type of nuclear excitation as chirality.
